ABSTRACT A morphometric survey examined adult specimens of Lutzomyia whitmani (Antunes & Coutinho) captured at 5 municipalities in southeastern and northeastern Brazil to compare the populations. The localities were Ilhé us (Bahia), Martinho Campos (Minas Gerais), Corte de Pedra (Bahia), Baturité (Ceará), and Amaraji (Pernambuco); all are known foci of American cutaneous leishmaniasis. Fifteen males and 15 females from each population were analyzed morphometrically for 42 and 37 characters, respectively. Statistical data alone were insufÞcient to discriminate among the 5 populations. Further analysis generated phenograms that indicated there were 2 spatial clusters: the 1st was composed of specimens from Ilhé us (Bahia) and Baturité (Ceará) and the 2nd of specimens from Martinho Campos (Minas Gerais), Corte de Pedra (Bahia), and Amaraji (Pernambuco). Although insufÞcient to deÞne the taxonomic status of the populations studied, the results delineated the existence of biogeographical structuring within L. whitmani. Complementary studies on the susceptibility to Leishmania braziliensis infection in the 5 populations are in progress to clarify the relationship between the 2 biogeographical clusters and American cutaneous leishmaniasis transmission in those Brazilian regions.
Lutzomyia whitmani (Antunes & Coutinho) is a sand ßy species in the subgenus Nyssomyia that is prevalent at foci of leishmaniasis in Minas Gerais and Bahia in southeastern Brazil (Mayrink et al. 1979 , Rosa et al. 1988 , Passos et al. 1993 . The association of human cases with natural infections of Leishmania parasites (braziliensis complex) in L. whitmani has incriminated this species as a vector of human American cutaneous leishmaniasis in Brazil (Hoch et al. 1986 , De Queiroz et al. 1994 . The transmission of leishmaniasis has been associated with L. whitmani for many years in the southern and southeastern regions of Brazil (1930 Brazil ( Ð 1950 . During that period, L. whitmani was restricted to sylvatic areas (Marzochi 1989) . Later, this sand ßy appeared in banana plantation and peridomestic habitats (Marzochi 1989) , demonstrating its adaptability to environmental modiÞcations by humans. Further Þeld studies at municipalities within the metropolitan area of Belo Horizonte (Minas Gerais) conÞrmed the peridomestic transmission of leishmaniasis in periurban areas where L. whitmani is the predominant sand ßy (Passos et al. 1993) .
Recently, Rangel et al. (1996) observed the existence of 2 geographically isolated forms of L. whitmani in Brazil, speciÞc to distinct regions, and suggested the existence of a species complex. A retrospective examination of a large number of specimens of L. whitmani, captured at different Brazilian localities during the last 40 yr (Phlebotomine Reference Collection at our laboratory), revealed subtle variability in a number of morphological characters. To clarify this variability, Þeld specimens of L. whitmani were captured at 5 municipalities located in the southeastern and northeastern areas in Brazil and submitted to detailed morphometric study. These municipalities presented similar ecological conditions, presence of American cutaneous leishmaniasis with peridomestic transmission, and abundance of L. whitmani. Our investigation describes the existence of biogeographical clusters among those 5 populations, based on morphometry.
Materials and Methods
Lutzomyia whitmani were captured at night by Shannon (Shannon 1939) and CDC (Sudia and Chamberlain 1962) traps at the Brazilian municipalities of Ilhéus, Bahia (14Њ 47Ј 2Љ S, 39Њ 02Ј 58Љ W); Martinho Campos, Minas Gerais (19Њ 19Ј 54Љ S, 45Њ 14Ј 13Љ W); Corte de Pedra, Bahia (13Њ 26Ј 23Љ S, 59Њ 39Ј 36Љ W); Baturité, Ceará (04Њ 19Ј 43Љ S, 38Њ 53Ј 05Љ W); and Amaraji, Pernambuco (08Њ 22Ј 59Љ S, 35Њ 27Ј 09Љ W) (Fig. 1) .
Sand ßies were mounted on microscope slides in Canada balsam (for males) or Berlese medium (for females). In total, 3,550 specimens were identiÞed as L. whitmani, using speciÞc descriptions and taxonomic keys (Antunes and Coutinho 1939, Young and Duncan 1994) . Fifteen males and 15 females from each population were selected, based on the completeness and Means followed by no letter or the same letter were not signiÞcantly different (P Ͼ 0.05).
November 1999 DIAS ET AL.: STUDIES OF L. whitmani IN BRAZILintegrity of specimens, for morphometric analysis of characters previously found important in separating genera, subgenera, and species in phlebotomine sand ßies (Martins et al. 1978, Young and Duncan 1994) ( Tables 1 and 2 ). Morphometric data were compared by one-way analysis of variance. When a statistically signiÞcant difference was found for a given character, data were analyzed further by the all pairwise multiple comparison procedure (Bonferroni t-test) using SigmaStat statistical software (Jandel 1995) .
For phenetic analysis, each population (AÐE) was considered as 1 operational taxonomic unit. A mean value (M1) was determined for each character in a given operational taxonomic unit. A mean value (M2) of the means M1s for the 5 operational taxonomic units together was calculated for each character. Based on the relationship between M1 and M2, each character was coded as "0" (zero) for M1 Ͻ M2 or "1" (1) for M1 Ն M2. A phenogram was constructed by the unweighted pair-group method analysis according to Sneath and Sokal (1973) after determination of the 
Results and Discussion
The morphometric analysis conÞrmed the existence of variability within several characters among populations. SigniÞcant differences were observed in 27 out of 42 male (64%) and 19 of 37 (54%) female characters. Some characters discriminated one population from the remaining populations. For males, 4 characters (interocular distance, total length of palpus, palpomer V length and ␤ length of wing section) discriminated the population of Ilhé us from the other 4. The population of Martinho Campos presented smaller femur length and the population of Baturité smaller labrum length when compared with the others. For females, smaller palpal I length and the length of wing vein section distinguished populations from Martinho Campos and Baturité , respectively. Other characters statistically varied, but were not discriminative of a unique population and are marked with letter coding in the list of characters analyzed (Tables 1 and 2) .
Morphometric data were analyzed by phenetic methods. Character states were coded as "0" or "1" for the 42 male and 37 female characters. The association coefÞcients between each pair of localities are indicated for males and females in the upper and lower triangular matrix, respectively (Table 3) .
The phenograms obtained for males and females indicated 2 groups: one composed of populations from Ilhé us and Baturité and the other of populations from Martinho Campos, Corte de Pedra, and Amaraji (Fig.  2) . Placement of populations from Ilhé us and Baturité in the same group is not surprising, because Rangel et al. (1996) could not detect signiÞcant morphological differences between L. whitmani populations from these 2 localities. More recently, Ready et al. (1997) published a cladogram based on the comparative analysis of mitocondrial DNA sequences (haplotypes) of L. whitmani and found that Ilhé us and Corte de Pedra were distinct. These Þndings are consistent with the morphometric phenograms, in which these 2 populations are found in 2 different clusters.
Our results are not sufÞcient to deÞne the taxonomic status of the specimens studied, but indicate the existence of biogeographical populations of L. whitmani. Complementary studies of susceptibility to Leishmania braziliensis infection in the 5 populations are in progress to clarify the relationship between biogeographical clusters and American cutaneous leishmaniasis transmission in those Brazilian regions.
